Twenty patients who underwent resection of the thoracic aorta and six patients operated on for hiatial hernia, patent ductus, mitral insufficiency, or A-V fistula were studied to determine whether there was an increase in sympatho-adrenal medullary activity following resection.
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COARCTATION of the aorta was first described by Morgagni1 in the eighteenth century. However, it was not until 1945 that Gross and Hufnagel,2 in the United States, and Crafoord and Nylin,3 in Sweden, independently showed that this anomaly could be surgically corrected.
Following resection of the thoracic aorta for coarctation, the blood pressure is frequently elevated. 4 Adrenaline (epinephrine)
or necrosis, or all three.6 12 The purpose of this study was to determine whether sympatho-adrenal medullary activity increases after resection: this observation seems particularly pertinent since the sympathetic nerves play an important role in controlling the vascular bed.
Methods Analyses
Daily 24-hour urine samples were collected from each of 20 patients on whom a resection of the thoracic aorta was performed for coarctation. Urine samples were collected before the operation and for varying periods up to 14 days following the resection. For controls, six subjects, on whom we operated for hiatal hernia, patent ductus, mitral insufficiency, or A-V fistula were used.
Preparation of Urine Extract for Bioassay
The procedure for extraction of urine was adopted from von Euler and Hellner. 6 .5% of CO2 in oxygen was bubbled. Injections of adrenaline, noradrenaline, and urinary extract were made into the bath, and the degree of cecal relaxation was recorded on a kymograph. Having determined the activity ratio for adrenaline and noradrenaline on the cat's blood pressure and on the hen's rectal cecum and the activity of the unknown urinary extract in terms of I-noradrenaline, it was possible to calculate the relative amounts of adrenaline and noradrenaline in the urinary extract. [13] [14] [15] [16] Results Table 1 summarizes the daily urinary output of the sympathetic neurohormone noradrenaline, before and after resection of the thoracic aorta for coarctation; these results are compared to the results of the six control subjects. The preoperative excretion of noradrenaline by the coarctation subjects was similar to that of the controls and well within the limits of the normal output of noradrenaline, in other words, 24 to 45 ug/24 hr. However, the postoperative noradrenaline was significantly elevated in the coarctation group and remained elevated for a longer period than in the control subjects. This prolonged elevated output of noradrenaline is illustrated in figure 1 . In general, the results do not indicate any significant correlation between postoperative blood pressure and noradrenaline output, even though there is a gradual decline in both. See table 2 for an example of one patient (E. F.). (fig. 1) ; in some coarctation patients the noradrenaline output remained elevated for as long as 3 weeks.
Discussion
Adrenaline (epinephrine) is the principal hormone of the human adrenal medulla and is released in increased amounts under various stressful situations,14-17 including surgery.'8 Therefore, there is nothing unique in the fact that in these experiments the urinary output of adrenaline increased after surgery. However, following resection for the coarctation, the urinary adrenaline output was increased above that of the controls and continued high for a longer period than that of the controls (6 to 7 days versus 3 days; table 3). The reason for this is not clear but is probably related to the increase in sympathetic nerve activity.
Noradrenaline is the neurohormone of the sympathetic nerves'5 19, 20 and parallels sympathetic nerve activity.15 Since the sympathetic nerves play an important role in regulating the vascular tone and in the alterations of the vascular bed, it then follows that there could be a correlation between the vascular change which develops after resection for coarctation and the output of fig. 1, table 1 ). The mechanism of this increase in noradrenaline output seems to be directly related to the afferent limb of the reflex homeostatic control of the sympathetic nervous system, that is, the baroreceptors. In patients with coarctation, the blood pressure distal to the coarctation is substantially below that proximal to the coarctation, or to state this differently, the proximal arterial pressure is elevated. The principal arterial baroreceptor stations, that is, the carotid sinus and the aortic arch, are located proximal to the coarctation and consequently have, over the years, been exposed to a raised mean pulse pressure, leading to a resetting of the receptors and an adaptive structural change in the proximal arterial walls, making the walls hypertrophic and less distensible. Following resection of the aorta for coarctation there is a sudden shift in hemodynamics with lowered pressure in the proximal segment. This is immediately sensed by the proximal baroreceptors which reduce their inhibitory influence on the bulbar vasomotor centers. The vasomotor centers then increase sympathetic nerve activity in order to compensate for the decrease in proximal blood pressure, and this is reflected by an increased noradrenaline release. The extent and duration to which this occurs following resection of the aorta for coarctation naturally varies greatly from patient to patient, but as can be seen in table 1 (subjects A. T. and E. F.) it can represent an intense sympathetic discharge.
The pathogenesis of the postoperative "'arteritis" which occasionally follows resection is not entirely clear; however, it appears to be related to the pressure changes following resection. For years the arteries and arterioles in the distal part of the body of the patient with the coarctation have adapted to a relatively low pressure. Then quite suddenly after resection these arteries are exposed to a much higher pressure, and this pressure is compounded by an increase in sympathetic nerve activity for the reasons explained in the preceding paragraph. The distal arteries which have over the years adapted themselves to a lower pressure are now suddenly exposed to a considerable increase in load and increased sympathetic nerve activity, and they either react in an inflammatory manner or rupture. Petechial hemorrhages and even necrosis may result. The work of Folkow and his colleagues21-25 certainly supports such a concept.
